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INTRODUCTION

ABSTRACT

Multiple myeloma has an incidence rate of 102,000 and death rate of 72,000 people per year
worldwide. The incidence varies by ethnicity with highest rates observed in African Ameri-
cans followed by people from industrialized nations. Consistent risk factors for MM include
increasing age, male gender, black race, MGUS, and family history with familial aggregates
seen globally. Chromosome abnormalities commonly seen include hyperdiploidy, transloca-
tions involving the immunoglobulin heavy chain, monosomy of chromosome 13, gains of
chromosome 1q, and deletion of 17p. These chromosome abnormalities have also been
observed in Asian and South American countries, although mild variability in frequencies has
been seen. The International Staging System (ISS) was first validated in MM patients from
North America and Europe and has shown significant correlation to survival in cohorts from
South America and Asia. High-dose chemotherapy followed by autologous stem cell trans-
plant (ASCT) and the novel agents, thalidomide, lenalidomide, and bortezomib are recent
advances that have improved response rates and survival. The original studies proving ef-
ficacy were primarily performed in the United States and European countries. Although, Af-
rican Americans were seen to be 23% less likely to receive chemotherapy, similar response
rates and survival were seen when given equal access to care. Recent data from several
countries in South America and Asia have also shown similar advances in response rates
and survival to ASCT and novel agents. The parallel improvements signify that monitoring
adequate and equal access to care is critically important in order to improve the long term
outcome of MM globally.

EPIDEMIOLOGY

Multiple myeloma (MM) is a plasma cell malignancy that can
present with heterogeneous clinical manifestations and can affect
different tissues and organs. Therefore, besides hematology/oncol-
ogists that are usually primary care givers of MM patients, general
medicine or family practice physicians as well as multiple medical
specialists, such as nephrologists, endocrinologists, cardiologists
and radiation oncologists are frequently involved. In addition, since
the age of onset can vary but more often is within the fifth and sixth
decade, therapeutic options encompass aggressive treatments but
also safer palliative therapies, that can be necessary in the
presence of other co-morbidities.

In this review we analyzed the epidemiology, biology and clinical
outcome of MM patients as reported by investigators in different
areas of the world. Specific aspects that are raised in this work are
possible biologic differences among ethnicities, as suggested for
example by the an increased incidence of MM in African American
(AA) patients, as well as possible differences in the outcome due
to environmental or access to care systems throughout the world.
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Multiple myeloma (MM) is characterized by clonal proliferation of
malignant plasma cells which produce monoclonal proteins and
can result in bone lesions, renal damage, hypercalcemia, increased
susceptibility to infections and/or cytopenias. Worldwide, approxi-
mately 102,000 new cases of MM are diagnosed representing 0.8%
of all cancer diagnoses and 72,000 patients will die from MM ac-
counting for 1.0% of all cancer deaths per year." Although not well
understood, the incidence and mortality appears highest in indus-
trialized nations including North America, Australia/New Zealand,
and Europe and the incidence appears to be rising in these regions
while remaining relatively stable in Asian countries (Figure 1).2
African Americans (AA) have the highest incidence of MM which
is approximately double what is seen in other ethnicities.® Similar
patterns of incidence and mortality to their areas of origin have been
observed in Arab Americans that have migrated to the metropolitan
Detroit area and Asians that migrated to California suggesting that
environmental factors may play less of a role in the

etiology of MM.* %
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Table 1. Risk factors associated with risk of progression of
monoclonal gammopathy of undetermined
significance to multiple myeloma
after 20 years of follow up??

- Elevated M-protein 3 Risk Factors 58%
(defined as > 1.5mg/dL)
- IgA or IgM MGUS 2 Risk Factors 37%
- Abnormal serum 1 Risk Factors 21%
free-light chain ratio
No Risk Factors 5%
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Figure 1. Multiple myeloma global age-adjusted incidence rates
per 100,000 people for men and women??

Monoclonal gammopathy of undetermined significance (MGUS) is
considered a precursor to MM and is defined as the presence of a
monoclonal protein without evidence of organ damage. The
prevalence of MGUS also varies by ethnicity with the highest rates
seen in African Americans and in Ghanian men.®7 According to
studies screening similar age groups, worldwide estimates of the
prevalence of MGUS are 5.8% in Ghana, 3.2% in American
Caucasians, 2.4% in Japan, and 1.7% in France.®"

RISK FACTORS

Although consistent differences in incidence and mortality among
varying ethnicities have been observed, the etiologies for these
patterns are unclear. The currently accepted risk factors for MM
include increasing age, male gender, black race, positive family
history and MGUS with additional possible risk factors including
obesity, low fish consumption, low green vegetable consumption,
AIDS, and Herpes Zoster infection.'

Data from the SEER database has shown that approximately 99%
of new MM cases are over the age of 40 years at the time of
diagnosis and there has been consistent data showing a rise in the
incidence rate with age, peaking between age 80-843'3 Similarly,
these large databases have consistently shown higher rates of MM
in males and African Americans.

Patients with MGUS have also been shown to have a higher risk of
MM in several studies. In the Mayo Clinic study, a cohort of 1,384
patients diagnosed with MGUS were followed prospectively from
1960 to 1994. The overall risk of progressing to MM was 1% per
year, 39% of patients developed MM within 25 years of follow up,
and the relative risk of progression in patients with MGUS to
multiple myeloma was 25 (95% CIl 20.0 — 32.0)."* Similar relative
risk and patterns of progression to MM have been seen in MGUS
patients from Denmark (RR 34.3, 95% Cl 24.8-46.2), Iceland (10%
progression over 3.8 years), and Italy (31.3% progression over 20
years)."®7 Although AA have a higher prevalence of MGUS, their
rates of progression to MM do not appear to be higher. In the
Veterans Affairs Hospital study by Landgren et al, similar rates of
progression to MM were observed between AA (17%) and
Caucasians (15%) by 10 years of follow up.'® Although there are
no confirmed features that determine which patients with MGUS
will progress to MM, a stratification model for risk of progression
was developed using data from the Mayo Clinic cohort.” Increas-
ing M-protein levels were associated with higher risks of progress-
ing to MM by 20 years: 14% for < 0.5mg/dL, 16% for 1.0mg/dL,
25% for 1.5mg/dL, 41% for 2.0mg/dL, 49% for 2.5mg/dL, and 64%
for 3.0mg/dL. Patients with either an IgM or IgA isotype were also
at higher risk for progressing when compared to patients with the
IgG isotype (p=0.001). Patients with an abnormal serum free light-
chain ratio had a higher risk of progressing to MM in comparison to
patients with a normal ratio (p<0.001). A stratification model using
these three risk factors found that patients with all three risk factors
had a 58% risk of progression, two risk factors had a 37% risk, one
risk factor had a risk of 21%, and patients with none of the risk
factors had a 5% risk of progression at 20 years (Table 1).

There have been several studies that have shown higher risks of
MM in people who have a family history of MM, especially in first
degree relatives. The risk of MM was estimated at 2.33

(95% Cl: 1.12-4.26) in first degree relatives of 218 cases of MM
in Iceland.?® Similarly, increased risks in first degree relatives were
observed in 8,406 cases of MM in Sweden

(RR 1.67, 95% CI 1.02-2.73).2" The data is less conclusive with
regards to the risk of MM in people with a family history of MGUS
or in people with second or third degree relatives with a history of
MM."®- 20 Familial aggregates have been reported in Caucasian
American, African American, ltalian, French, Turkish, and Mexican
families.?2?” In a study of five families where the parent and the child
develop MM, it was observed that the offspring had a significantly
younger median age of presentation (71 years in the parent vs. 50
years for the child; p<0.0001).2 In an attempt to identify potential
inheritable risk factors for MM, investigators have performed HLA
typing. The HLA alleles identified to be high risk for AA included
Bw65, Cw2, and DRw14 and for Caucasians included A3 and
Cw2.2 The HLA Cw?2 allele was a risk factor for both AA (RR 5.7,
95%Cl 1.5-26.6) and Caucasians (RR of 5.7 (95% CI: 1.5-26.6) and
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Table 2. Risk stratification of multiple myeloma based
on cytogenetic abnormalities®!

Standard-Risk 1. Hyperdiploidy
Lt(11;14)
. 1(6;14)

w N

High-Risk 1. 17p deletion

2.1(4;14)

3. (14:16)

4. t(14;20)

5. Deletion of chromosome 13 or hypodiploidy by
conventional karyotyping

2.6 (95% Cl: 1.0-7.2) and were present in equal frequency in AA and
Caucasian controls. Another potential inherited HLA antigen seen
in higher frequency in AA with MM is the HLA-Cw5.%° A negative
risk for MM was observed with inheritance of the HLA-Aw32 allele in
French Caucasians.®' Carriers of hyperphosphorylated paratarg-7,
which is autosomal-dominantly inherited, has been recently identi-
fied as a risk factor in both German and Japanese carriers and may
be another link to the familial inheritance pattern.3233

BIOLOGY/PROGNOSTIC FACTORS

Multiple myeloma is a heterogeneous disease with varying clinical
manifestations, chromosomal abnormalities, and molecular
characteristics.®* The more frequent chromosome abnormalities
include hyperdiploidy, translocations involving the immunoglobulin
heavy chain, monosomy of chromosome 13, gains of chromosome
1q, and deletion of 17p. Hyperdiploidy commonly involves chromo-
somes 3, 5,7, 9, 11, 15, 19, or 21 and can be subdivided into four
clusters which may have predictive and prognostic value.® Cluster
1 was characterized by high expression of the cancer testis antigen
and proliferation-associated genes, a higher plasma cell

labeling index (median value 3.8, p< 0.05) and shorter survival
(median survival of 27 months) compared to the other clusters.
Cluster 3, which involves the nuclear factor kappa-8 and tumor
necrosis factor pathways was shown to include disease that was
more responsive to bortezomib (70% vs. 29% for the other clusters,
p=0.02). Translocations of the immunoglobulin heavy chain (14q32)
frequently occur with partners such as CCND1 (11gq13), FGFR3
(4p16), MMSET (4p16), and MAF genes (16923 and 20q11). These
translocations are present in approximately 40% of MM patients and
may contribute to the pathogenesis of multiple myeloma.34!
Monosomy 13 (approximately 50% of MM patients), gain of
Chromosome 1g21 (approximately 33% MM patients), and deletion
of Chromosome 17p (approximately 10% of MM patients) are other
frequent chromosomal abnormalities and are associated with poor
prognosis in patients with MM.42-44

Although many of the chromosomal and molecular profiling studies
have been performed in the United States and Europe, there are
several studies showing chromosome abnormalities in patients with
MM in Asia and South America. A study by Nimura et al performed
chromosome analysis on 48 patients with plasma cell disorders and
found that 40.5% of patients with MM had chromosomal abnormali-
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ties.** Monosomy of chromosome 13 was frequently observed and
was associated with resistance to chemotherapy and decreased
overall survival in this cohort. In Korea, a study by Bang et al
performed FISH on specimens from 128 patients with MM and
found 13q deletions in 48%, trisomy 1q in 45%, immunoglobulin
heavy chain gene translocations in 37%, and trisomy 11 in 26% of
patients.“® In this cohort, the stage of disease was significantly as-
sociated with 13q deletions. In Venezuela, Quintero et al found that
68% of patient samples had structural chromosomal abnormalities
including hyperdiploidy in 16%, hypodiploidy in 21%, and structural
abnormalities in 21% of cases.*” In 252 patients with MM from Bra-
zil, Ortega et al evaluated the frequency of activating mutations for
the N-RAS and K-RAS gene.*® Mutations in RAS genes were found
in 21% of patients which was lower than reported in the United
States and European literature where rates of up to 54% have been
found. The RAS activating mutations that the investigators found
included a unique site at codon 7 which has not been seen in the
other cohorts.

Molecular classification of MM was performed by Zhan et al.

using mRNA expression profiles from CD138 enriched plasma cells
obtained from patients at the University of Arkansas for Medical
Sciences.* The investigators found seven disease subtypes:

1) overexpression of the MMSET or FGFR3 gene; 2) upregulation of
MAF genes; 3) upregulation of CCND1; 4) upregulation of CCND3;
5) hyperdiploidy; 6) low DKK1 expression; 7) high expression of
genes involved in proliferation. These categories were shown to
have the ability to divide MM patients into high and low risk groups
for event-free and overall survival as well as risk for bony involve-
ment. A more recent molecular analysis was performed by Broyl
et al. in purified CD138 plasma cells from patients in the Dutch-
Belgian/German HOVON group.5® This study confirmed six of the
clusters from the prior study as well as three other novel subgroups:
1) high expression of genes involved in the nuclear factor kappa
light-chain-enhancer of activated B cells pathway;

2) overexpression of cancer testis antigens without overexpression
of proliferation genes;

3) up-regulation of protein tyrosine phosphatases.

These recurring cytogenetic and molecular abnormalities have been
used to predict the clinical course and guide therapy in patients
with MM. The Mayo clinic developed a stratification of MM by high
and standard-risk cytogenetic changes obtained from fluorescent
in-situ hybridization (FISH) or conventional karyotyping (Table 2).5'
The high-risk category included deletion of 17p, t(4;14), t(14;16),
t(14;20), deletion of chromosome 13 or hypodiploidy by convention-
al karyotyping. The standard-risk category included MM patients
with hyperdiploidy, t(11;14), or t(6;14). Gene expression profiling
has also been used to create high-risk categories. A 70-gene model
was developed at the University of Arkansas for Medical Sciences
and a 15-gene model by the Intergroupe Fancophone du Myelome,
both of which found high-risk categories for decreased overall sur-
vival.’2 %8 These classifications may have therapeutic implications
because data from Haessler et al. has shown that high-risk patients
achieving a CR have better long-term survival than high-risk pa-
tients with less than a CR.>



Saraf S, et al. MM in different areas of the world | Review Article -

CLINICAL PRESENTATION AND STAGING

The plasma cell disorders include MGUS, smoldering multiple my-
eloma, and multiple myeloma (Table 3).5* MGUS is characterized
by a monoclonal protein that is quantified at < 3.0g/dL and bone
marrow plasma cell infiltration < 10% with no signs of end-organ
damage related to the plasma cell disorder. Smoldering multiple
myeloma (SMM) is defined as a monoclonal disorder with either a
monoclonal protein > 3.0g/dL or bone marrow plasma cell infiltration
= 10% and no signs of end-organ damage. Multiple myeloma is
diagnosed when a monoclonal protein is present with plasma cell
infiltration = 10% and end-organ damage related to the monoclonal
protein. There are approximately 1-3% of patients with MM that
may have a nonsecretory form where a heavy or light chain is not
produced. Organs that are frequently involved include the bone
marrow, kidney, and bone. Extensive plasma cell infiltration in the
marrow can lead to cytopenias resulting in symptoms such as
fatigue and dyspnea. Plasma cell dysfunction can cause hypogam-
maglobulinemia with an increased susceptibility to infections. Bony
involvement causes lytic lesions with bone pain and hypercalcer-
mia. The monoclonal protein secreted by the plasma cell may

lead to hyperviscosity, neuropathy, renal damage, or clotting
abnormalities.

Two large cohorts showed that MGUS is a common precursor
lesion that develops into MM in a large percentage of patients. All 71
cases of MM enrolled in the Prostate, Lung, Colorectal, and Ovarian
(PLCO) Cancer Screening Trial had evidence of MGUS in pre-diag-
nosis samples.® Another study of 30 cases of MM also evaluated
pre-diagnosis samples from the U.S. Department of Defense Serum
Repository and found that 27 of the cases had preceding MGUS.%
Based on observations by Rosinol et al, there may be two differ-
ent types of SMM: 1) Evolving SMM and 2) Non-evolving SMM.%8
Evolving SMM was characterized by a progressive increase in the
monoclonal protein with a median time-to-progression (TTP) of 1.3
years while non-evolving SMM had a longer latency period followed
by an abrupt progression and median TPP of 3.9 years.

The most frequently staging systems used for MM are the Durie-
Salmon and International Staging System (ISS) (Table 4).5°%° The
Durie-Salmon staging system was based on a study of 71 patients
with multiple myeloma where the myeloma cell mass was shown
to correlate to the extent of bone lesions, hemoglobin, serum cal-
cium, and monoclonal proteins in the serum and urine. Although the
Durie-Salmon Staging System provides information regarding the
tumor load, the subjectivity of the skeletal survey may be an
important limiting factor that significantly impacts the assigned
stage. The ISS was published in 2005 and represented 10,750
newly diagnosed patients with MM from 15 different countries
including Canada, the United States, several European nations, and
Japan. In this large cohort, the serum creatinine, serum albumin,
serum beta2-microglobulin, age, and platelet count strongly pre-
dicted survival. The investigators found that combining the serum
beta2-microglobulin and serum albumin level provided a straightfor-
ward and reproducible measure significantly correlating with
median survival. The percentage of patients in each stage and
median survival were as follows: Stage | 28% and 62 months; Stage
11 33% and 44 months, and Stage Il 39% and 29 months.

Table 3. Criteria defining monoclonal gammopathy of
undetermined significance, smoldering multiple
myeloma, and multiple myeloma5®

Monoclonal Gammop- ~ M-protein < 3g/dL None Present
athy of Undetermined and

Significance (MGUS) Plasma cell % <
10%
Smoldering Multiple None Present

Myeloma (SMM)

M-protein = 3g/dL
and/or

Plasma cell = 10%
Present and related to

Multiple Myeloma Serum or Urinary

(MM) M-protein present the monoclonal disorder
and 1) Serum creatinine =
Plasma cell = 10% 2mg/dL or Creatinine
clearance < 40 mL/min
2) Serum Calcium >
11.5mg/dL

3) Bony lesions defined
as lytic lesions, osteo-
penia, or a pathologic
fracture

4) Anemia defined as
Hemoglobin < 10g/dL or
> 2g/dL below the lower

limit of normal

These staging systems have been applied to ethnicities that may
not have been adequately represented in the original ISS study in-
cluding AA patients with MM. However, a similar staging system
proposed by the Southwest Oncology Group (SWOG) in 2003 did
show the prognostic value of combining serum albumin serum and
serum beta2-microglobulin in 1,555 MM patients of which 19% were
AAS' Investigators have tested the validity of the ISS to patients
with MM from non-represented nations including Brazil, Chile,
China, and Korea. In a large Brazilian cohort of 1,112 patients, data
was available on 756 patients for staging.®? The percentages and
median overall survival by ISS stage were as follows: Stage 1 20.1%
and median survival not reached, Stage Il 48.7% and 65.5 months,
and Stage Il 31.2% and 26 months, respectively.

The Durie-Salmon staging system was also applied to the

Brazilian cohort, however, considerable overlap between the curves
for Stage | and 1l was observed. Corte’ et al applied both the
Durie-Salmon staging and ISS to 81 patients with multiple myeloma
from Chile.®® They found that both staging systems had prognostic
value, although the ISS had statistically significant differences for
overall survival between all three stages (ISS Staging: Stage | 34%
of patients and median overall survival 67 months, Stage Il 35%
of patients and median overall survival 29 months, Stage Ill 31%
of patients and median overall survival 14 months). There have
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Table 4. Durie-Salmon and International Staging System

criteria and relationship to prognosis®® ¢

Hemoglobin > 10g/dL
Serum Calcium < 12mg/dL
Normal skeletal survey
1gG < 5g/dL or IgA < 3g/dL
Bence Jones Protein <
4g/24hours

Neither Stage | nor Il

Hemoglobin < 8.5g/dL
Serum Calcium > 12mg/dL
Multiple lytic lesions

19G > 7g/dL or IgA > 5/dL
Bence Jones Protein >

Serum albumin = 62 months
3.5mg/dL

Serum beta2-mi-

croglobulin< 3.5

mg/dL

Neither
Stage | nor IlI

44 months

Serum albumin < 29 months
3.5mg/dL

Serum beta2-

microglobulin = 5.5

mg/dL

12g/24hours

A Serum
Creatinine < 2mg/dL

B Serum
Creatinine > 2mg/dL

been conflicting results based on data from smaller cohorts of Chi-
nese patients not showing the prognostic value of the ISS versus
Yang et al who recently found that the ISS significantly correlated
to overall survival in 389 patients with MM.54%¢ |n this larger cohort
of Chinese patients with MM, based on the ISS 15% of patients
were classified as Stage |, 29% Stage Il, and 56% Stage Il with
corresponding median survivals of 57, 27, and 13 months. The
ISS and Durie-Salmon Systems were also used to stage 85 MM
patients from Korea. Although the Durie-Salmon System did not
correlate with survival, the ISS did show significant differences in
overall survival by stage confirming its predictive value in this cohort
(Stage I: 13%, 78.6 months; Stage Il: 35%, 31.8 months; Stage llI:
52%, 15.1 months for percentages of patients and median overall
survival, respectively).” Based on this data, it appears that the ISS
is applicable to cohorts of patients that were not originally included
in the multi-national study for providing prognostic value (Table 5).

THERAPY

The current recommendation for when to initiate therapy is when or-
gan damage related to MM is present. Patients with MGUS should
have the monoclonal protein evaluated every six months for two to
three years and annually thereafter while patients with SMM should
have the monoclonal protein, renal function, hemoglobin, and
serum calcium evaluated every three months with annual skeletal
surveys. There is a clinical trial underway addressing whether there
is benefit to starting lenalidomide-dexamethasone therapy for SMM.
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An interim analysis of high-risk patients (defined as having bone
marrow plasma cell percentage = 10% and monoclonal

protein = 3g/dL, immunophenotyping showing = 95% aberrant plas-
ma cells, or abnormal free-light chains) showed that progression to
active MM is reduced with lenalidomide treatment.’® At a median
follow up of 16 months, none of the patients in the lenalidomide-dex-
amethasone arm had progressed while 8 patients in the abstention
arm progressed with 6 of the 8 having symptomatic bone disease.
However, long-term effects including long-term toxicity and overall
survival are still pending.

With advancements in therapies for MM, the overall survival of pa-
tients has improved.®®7" Major advances have included the use of
alkalyting agents, high-dose chemotherapy with autologous stem
cell transplant (ASCT), and the novel agents including the
immunomodulatory (IMiDs) agents, thalidomide and lenalidomide,
and the proteosome inhibitor, bortezomib.

The decision for ASCT should be based on age, comorbidities, and
functional status. The strongest evidence for improved response
rates and prolonged survival is based on two randomized studies of
patients with MM that were 65 years of age or younger. The first by
Attal et al randomized 200 patients from France and Belgium to ei-
ther conventional chemotherapy or high-dose therapy with ASCT.”
Patients in the ASCT arm had higher overall response rates

(81% vs. 57%, p<0.001) and five-year survival

(52% vs. 12%, p=0.03) when compared to the conventional treat-
ment arm. A second trial of 407 patients from the United Kingdom
and New Zealand randomized patients to either standard therapy
or intensive therapy with ASCT.”? The rate of complete response
(CR) (44% vs. 8%, p<0.001) and overall survival (54.1 months vs.
42.3 months, p=0.04) were again significantly higher in the intensive
treatment arm with ASCT. Due to conflicting results on the effect of
overall survival for a tandem transplant, the International Myeloma
Working Group currently suggests a tandem ASCT for those pa-
tients who did not receive an optimal response (defined as VGPR
or better) after the first ASCT.”* With the advent of highly effective
novel agents, several questions have arisen including upfront or
delayed ASCT and the role of tandem ASCT versus either consoli-
dation chemotherapy or maintenance therapy incorporating novel
agents. Prior to novel agents, early ASCT was associated with a
longer event-free survival and quality of life when compared to de-
laying ASCT at the time of relapse in a French cohort and so the
current standard of care is to perform early ASCT.”® The latter ques-
tion is being addressed in a multi-center Blood and Bone Marrow
Transplant Clinical Trials Network study where patients are being
randomized to either a tandem ASCT, four cycles of consolidation
therapy, or maintenance therapy. This is based on studies showing
that novel agents used in consolidation therapy affect rates of CR
and molecular remission while maintenance therapy incorporating
a novel agent affects progression-free survival and possibly overall
survival post-ASCT.7684

Thalidomide was the first IMiD to show efficacy for MM in the re-
lapsed/refractory setting.®> In a study of 84 patients from the United
States who had relapsed or refractory MM treated with thalidomide,
32% had a response. Since 1999, several studies have shown the
efficacy of thalidomide in the relapsed/refractory setting including a
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Table 5. Median overall survival in months from patients with
multiple myeloma in Brazil, Chile, Korea, and China
based on the International Staging System (ISS)5% 63-66.67

| Not 67 57 78.6
Reached

[} 65.5 29 27 31.8

] 26 14 13 15.8

systematic review showing response rates of approximately 30%
as monotherapy and 46% for thalidomide with dexamethasone.®
Thalidomide has also been shown to have efficacy in the front-line
setting. In an Eastern Cooperative Oncology Group (ECOG) study
of 207 newly diagnosed MM patients randomized to either thalido-
mide/dexamethasone versus dexamethasone, the thalidomide/dex-
amethasone arm showed significantly higher response rates

(63% vs. 41%, p=0.0017) but at a cost of higher toxicity including
deep vein thrombus and neuropathy.®” Another study comparing
induction with thalidomide/dexamethasone to vincristine/adriamy-
cin/dexamethasone (VAD) followed by high-dose chemotherapy
and ASCT in 203 newly diagnosed MM patients found higher rates
of a very good partial response (VGPR) or higher in 24.7% of
patients treated with thalidomide/dexamethasone versus 7.3% in
the VAD arm.8®

Lenalidomide was developed as an analog to thalidomide with the
hopes of reducing therapy-related toxicity. Based on very encour-
aging results from a Phase | trial showing 71% of patients in the
relapsed setting having clinical benefit, lenalidomide was combined
with dexamethasone in the front-line setting.®® In a Phase Il study
from the Mayo Clinic of newly diagnosed patients with MM treated
with lenalidomide and dexamethasone, an objective response rate
of 91% was observed.®® In a phase |l ECOG study of 445 newly
diagnosed MM patients that were randomized to lenalidomide with
either high-dose or low-dose dexamethasone regimens, although
higher response rates were seen in the lenalidomide/high-dose
dexamethasone arm (82% vs. 70%, respectively), lower rates of
Grade 3 or higher toxicity (30% vs. 50%, respectively) and higher
rates of overall survival were seen in the lenalidomide/low-dose
dexamethasone arm (87% vs. 70% at 2 years follow up, respec-
tively).®!

Bortezomib is a proteosome inhibitor whose first Phase Il study was
in 202 patients from the United States, including 10% African Ameri-
cans, with relapsed/refractory MM and showed a 35% response
rate in heavily pre-treated patients.®? In the upfront setting, a phase
Il IFM study of 482 patients with newly diagnosed MM were rand-
omized to either bortezomib/dexamethasone or VAD followed by a
second randomization for two more cycles of chemotherapy with
dexamethasone, cyclophosphamide, etoposide, and cisplatin and
then ASCT versus going directly to ASCT after induction therapy.®®
Induction with bortezomib showed higher rates of CR or near CR

(14.8% vs. 6.4%, respectively), VGPR or higher (37.7% vs. 15.1%,
respectively), and overall response rate (78.5% vs. 62.8%) with
a trend towards prolonged progression-free survival (36 vs. 29.7
months, p=0.064).

Combinations of two novel agents have shown further improve-
ments in high-quality responses and progression-free survival.
Phase lll trials from ltaly, Spain, and France using a regimen of
bortezomib, thalidomide, and dexamethasone (VTD) have shown
overall response rates of 85-93% with responses of VGPR or higher
of 51-60%.%+% A Phase I/ll study evaluating the efficacy of lena-
lidomide, bortezomib, and dexamethasone in newly diagnosed MM
found a 100% overall response rate in the Phase Il population with
74% achieving a VGPR or higher and a favorable toxicity profile.®”

In those patients that are not eligible for ASCT, particularly the el-
derly, novel agents have been combined with melphalan and shown
to have significant impacts on response rates and survival. Two
large Phase lll trials have evaluated the efficacy of thalidomide with
melphalan and prednisone. The first compared melphalan, tha-
lidomide, prednisone (MPT) to melphalan and prednisone (MP) in
255 newly diagnosed MM patients older than 60 years from ltaly.
Higher overall response rates and CR/nearCR were seen in the
MPT arm (76% vs. 47.6% and 27.9% vs. 7.2%, respectively).®® The
other Phase Ill trial conducted by the IFM evaluated MPT to MP
or reduced-intensity ASCT in 447 untreated MM patients between
the ages of 65 and 75 years old.*® Although response rates were
similar between the MPT arm and the reduced-intensity ASCT arm,
significantly higher overall survival was seen in the MPT arm (51.6
vs. 38.3 months, respectively; p=0.027). A large Phase lll trial ad-
dressed the efficacy of the addition of bortezomib to melphalan and
prednisone in 682 transplant ineligible patients from 22 countries
including from North America, Europe, Asia, and South America.®
The patients treated with bortezomib, melphalan, and prednisone
had significantly higher PR or better responses (71% vs. 35%,
p<0.001), CR (30% vs. 4%, p<0.001), and time to progression (24
months vs. 16.6 months, p<0.001). Data combining lenalidomide
with melphalan and prednisone is based on a Phase I/ll study from
Italy of newly diagnosed MM patients 65 years or older where a 81%
overall response rate and 23.8% CR rate were observed.

The therapeutic impact of high-dose chemotherapy with ASCT ap-
pears to have similar benefit in AA as non-AA based on several
observational studies.’®>'% Two large population studies have
also evaluated the outcomes of AA patients with MM in the United
States to non-AA. The first by Rohatgi et al found comparable sur-
vival benefits to chemotherapy in AA (hazard ratio=0.72, 95% CI
0.61-0.86) as Caucasians (hazard ratio=0.63, 95% CIl 0.58-0.67),
although AA were 23% less likely to receive chemotherapy.'® The
second population study compared survival rates between AA and
non-AA through different eras of therapy.’ The overall relative sur-
vival rate and disease-specific survival rates were higher in AA than
Caucasians with MM. However, the Caucasian cohort had signifi-
cant improvements in their 5-year survival rates through the differ-
ent eras (26.3% in 1973-1993 era, 30.8% in 1994-1998 era, 35.0%
in 1999-2005 era) whereas the AA cohort did not show a significant
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improvement from the 1994-1998 era to the 1999-2005 era (31.0%
in 1973-1993 era, 33.0% in 1994-1998 era, 34.1% in 1999-2005
era). From the data, it appears that although AA may have similar
responses to therapeutic agents for MM, access to care may lead
to outcome disparities.

The efficacy of high-dose chemotherapy followed by ASCT has also
been evaluated in other nations not typically represented in the pre-
viously mentioned trials. In Japan, a study comparing 90 patients
treated with ASCT versus 60 historical controls showed significant
improvements in median survival (76 vs. 28 months, p<0.0001).%®
A retrospective study of 86 patients with MM from China compared
patients receiving ASCT to those patients that achieved a CR or PR
without ASCT.'® In the patients that were treated with ASCT, 43%
achieved CR and a longer duration of response of 33 months was
observed in comparison to 17 and 18 months in those patients in
CR and PR without undergoing ASCT, respectively. The experience
in India has also shown substantial response and survival rates
with ASCT in MM. A report of 143 patients treated from 1990 to
2009 showed a 83.3% response rate (CR 40.6%, VGPR 25.9%, PR
16.8%) with a median event-free survival of 30 months and overall
survival of 79 months."® Similar survival rates were observed in a
study of 26 MM patients from Mexico treated with intravenous mel-
phalan followed by ASCT (median disease-free survival 38 months,
median overall survival 86 months)."

Although one of the larger Phase Ill trials assessing the efficacy of
a novel agent (bortezomib with melphalan and prednisone by San
Miguel et al) included patients from South America and Asia, most
of the previously mentioned studies showing efficacy of the novel
agents were limited to MM patients from the United States and Eu-
rope. There have been several Phase |l studies from Japan show-
ing the clinical utility of thalidomide, bortezomib, and lenalidomide
in the relapsed/refractory setting. One such study of 66 Japanese
MM patients treated with low-dose thalidomide and dexamethasone
showed overall response rates of 63.6% with progression-free and
overall survivals of 6.2 and 25.4 months."2 In 25 patients with re-
lapsed/refractory MM from Japan, lenalidomide plus dexametha-
sone was shown to be highly effective (PR or higher response seen
in 100% of the patients) with two-thirds having grade 3 or 4 neutro-
penia.""® Bortezomib with dexamethasone has also shown efficacy
in Japanese MM patients with relapsed/refractory disease based on
a study of 88 patients showing an overall response rate of 66.9%,
median overall survival of 16.8 months, and progression-free sur-
vival of 6.8 months."* Of note, the toxicity profile in Japanese pa-
tients treated with thalidomide and bortezomib have been different
from European and United States studies. Thalidomide was shown
to cause higher incidences of leukopenia (41%) and grade 3 leuko-
penia (11%) and lower rates of peripheral neuropathy and deep vein
thrombosis in the Japanese MM patients."? Pharmacokinetic stud-
ies suggest that there may be lower rates of clearance and volume
of distribution, and higher area under the plasma concentration-time
curve in Japanese patients with MM than Caucasian patients and
may explain the differences in the toxicity profile.® Life-threatening
lung injury has been associated with bortezomib and possibly tha-
lidomide therapy in Japanese patients with MM."®"® |n a cohort of
13 Japanese MM patients being treated with bortezomib at a single
center, four developed severe pulmonary complications with two
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ANSWER - (To Medical Image - page 19)
Bone marrow necrosis

Bone marrow biopsy shows fibrinoid necrosis, ghost cells with
acute inflammation and macrophages. Diagnosis of myelodysplas-
tic syndrome (refractory anemia with excess blasts) was made.
Bone marrow necrosis (BMN) is a rare clinicopathologic entity with
grave prognosis. It was first reported by Wade and Stevenson in
1941." It is distinct from avascular necrosis of bone and bone mar-
row aplasia; and is characterized by necrosis of myeloid tissue and
medullary stroma with loss of fat spaces.

Pain, fever and fatigue are common symptoms. Lactate dehy-
drogenase and alkaline phosphatase are found to be elevated in
approximately 50% of the patients. In a study by Janssens AM,2
underlying malignancy was found in ninety-one percent of the pa-
tients. Hematologic malignancies are the most common causes of
BMN. Other etiologies include solid tumors, infection, medications
and sickle cell disease. Given its common association, extensive
search for malignancy is indicated in patients presenting with unex-
plained bone marrow necrosis.
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deaths unrelated to progression of disease. A questionnaire-based
report was soon published thereafter showing that seven of 46 pa-
tients (15.2%) developed pulmonary complications either definitely
or probably related to bortezomib. Of the seven patients, three died
of respiratory failure.

Novel agents have also proven effective in Korea for treating MM
patients either as single agents, combined with other chemothera-
py agents, or with two novel agents with similar toxicity profiles to
the western literature. A multicenter, retrospective study included
95 patients who received bortezomib only (n=38 patients), borte-
zomib plus dexamethasone (n=34 patients), and bortezomib plus
thalidomide-containing regimen (n=23 patients) and showed an
overall response rate of 65% (CR/nearCR 33%, PR 32%).""® The
use of novel agents for induction with two cycles of VAD followed
by 2 cycles of bortezomib/thalidomide/dexamethasone followed by
ASCT in newly diagnosed Korean MM patients showed a response
rate of 97% with CR/nCR of 27% and median time to progression
of 20.3 months.'® For those deemed non-transplant eligible, the
combination of bortezomib/thalidomide/dexamethasone induction
followed by consolidation with melphalan/prednisolone/thalidomide
was evaluated in 35 Korean patients with MM.'2' Early responses
were observed in 97% of patients with 30% having VGPR or higher
responses. These response rates were observed in both high and
standard-risk patients, based on cytogenetic abnormalities, with
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two-year overall survival rates of 60% and 85%, respectively. A
regimen containing both thalidomide and bortezomib was found to
be effective in the relapsed/refractory setting for Korean patients as
well.'?2 The overall response rate was 88% (CR 46%, VGPR 9%,
PR 33%) with a median progression-free survival of 14.6 months.

Novel agents appear to improve prognosis in patients
with MM from China as well. Li et al reported overall response rates
of 63.6% (CR 6.4%, PR 57.3%) in 110 Chinese patients with MM
treated with thalidomide in the salvage setting.'?® Based on sur-
vival data comparing median overall survival of 389 Chinese MM
patients, median overall survival improved from 15.3 months in the
1996-2001 era to 28.2 months in the 2002-2007 era (p=0.002) when
more patients had received thalidomide therapy despite having an
older age at diagnosis in the second time era.66 The combination
of thalidomide/bortezomib/dexamethasone in newly diagnosed MM
was also shown to be effective in 20 Chinese patients with a 95% re-
sponse rate (CR 15%, PR 80%)."?* Alarger study in China included
47 newly diagnosed and 63 relapsed/refractory MM patients and
assessed response to bortezomib-based regimens which included
combinations with melphalan, doxorubicin, or thalidomide.'?® The
overall response rates were 83% and 71.4% with CR+VGPR rates
of 73.7% and 40% in newly diagnosed and relapsed/refractory pa-
tients, respectively.

In Mexico, a retrospective comparison of induction with
VAD to thalidomide and dexamethasone was performed in 88 pa-
tients with MM.'26 The thalidomide/dexamethasone group had a re-
sponse rate of 84.3% (CR 18.8%, nCR/VGPR 18.8%, PR 46.5%)
which was significantly higher than the response rate in the VAD
group of 55% (CR 16%, nCR/VGPR 5%, PR 34%) (p=0.0005). In

India, 99 patients were treated with thalidomide including 36 being
treated in the frontline setting and 63 for relapsed cases.'® Similar
response rates and toxicities were observed in this cohort in com-
parison to the western literature with objective responses in 88.9%
of frontline treated patients and 52.4% in relapsed cases. A study
from Turkey randomized 122 patients that were transplant ineligible
to either MP or MPT. They found higher rates of PR or better in the
MPT arm in comparison to the MP arm (57.9% vs. 37.5%, p=0.03,)
with a nonsignificant improvement in disease-free survival (21 vs.
14 months, p=0.34).'2 Higher rates of grade 3 or 4 infections were
seen in the MPT arm, although none were associated with febrile
neutropenia and more deaths within the first three months of thera-
py were seen in the MP arm.

CONCLUSION

Multiple myeloma is a heterogeneous disease with incidence rates
that vary by ethnicity. Some risk factors such as MGUS, age, and
sex are consistent across ethnicities although etiologies for differ-
ences in epidemiology are not fully understood. Prognostic factors
such as cytogenetic abnormalities and ISS staging do appear simi-
lar, although some variations are noted. Improvements in response
rates and survival have been seen with ASCT and novel agents.
The efficacy of these therapies has also been observed in different
ethnicities from United States, Europe, Asia, and South America.
However, it is important that toxicities be carefully understood in
different races due to potential differences in metabolism. Overall,
since several reports have shown parallel improvements in thera-
peutic responses across the continents, it is of critical importance
that future studies of long term outcome of MM patients will be moni-
toring an adequate and equal access to care in each country.

o]

page 27—



- Journal of Advances in Internal Medicine | Review Article

REFERENCES

1. Ferlay ], Shin H, Bray F et al. Estimates of worldwide burden
of cancer in 2008: GLOBOCAN 2008. Int ] Cancer. 2010;127:
2893-917.

2. Parkin DM, Bray F, Ferlay ] et al. Global cancer statistics,
2002. CA Cancer ] Clin 2005; 55:74-108; Becker N. Epidemiol-
ogy of multiple myeloma. Recent Results Cancer Res. 2011;
183: 25-35

3. Howlader N, Noone AM, Krapcho M et al. SEER Cancer
Statistics Review, 1975-2008, National Cancer Institute.
Bethesda, MD, http://seer.cancer.gov/csr/1975_2008/, based
on November 2010 SEER data submission, posted to the SEER
web site, 2011

4. Schwartz KL, Kulwicki A, Weiss LK et al. Cancer among Arab
Americans in the metropolitan Detroit area. Ethn Dis 2004; 14:
141-146

5. Clarke C, Glaser S, Gomez S et al. Lymphoid malignancies

in U.S. Asians: incidence rate differences by birthplace and
acculturation. Cancer Epidemiol Biomarkers Prev 2011; 20:
1064-1077

6. Landgren O, Gridley G, Turesson I et al. Risk of monoclonal
gammopathy of undetermined significance (MGUS) and sub-
sequent multiple myeloma among African American and white
veterans in the United States. Blood 2006; 107: 904-906

7. Landgren O, Katzmann JA, Hsing AW et al. Prevalance of
monoclonal gammopathy of undertermined signficiance
among men in Ghana. Mayo Clin Proc 2007; 82: 1468-1473

8. Kyle RA, Therneau TM, Rajkumar SV et al. Prevalance of
monoclonal gammopathy of undetermined significance. N Engl
] Med 2006; 354: 1362-1369

9. Landgren O, Katzmann JA, Hsing AW et al. Prevalance of
monoclonal gammopathy of undertermined signficiance
among men in Ghana. Mayo Clin Proc 2007; 82: 1468-1473
10. Iwanaga M, Tagawa M, Tsukasaki K et al. Prevalence of
monoclonal gammopathy of undetermined significance: study
of 52802 Nagasaki City, Japan. Mayo Clin Proc 2007; 82: 1474-
1479

11. Saleun JP, Vicariot M, Deroff P et al. Monoclonal gammopa-
thies in the adult population of Finistere, France. ] Clin Pathol
1982; 35: 63-68

12. Alexander D, Mink P, Adami H et al. Multiple myeloma: a
review of the literature. Int ] Cancer 2007; 120: 40-61

13. Kyle RA, Therneau TM, Rajkumar SV et al. Incidence of
multiple myeloma in Olmsted County, Minnesota: trend over 6
decades. Cancer 2004; 101: 2667-2674

14. Kyle RA, Therneau Tm, Rajkumar SV et al. A long-term
study of prognosis in monoclonal gammopathy of undeter-
mined significance. New Engl ] Med 2002; 346: 564-569

15. Ligthart GJ, Radl ], Corberand JX et al. Monoclonal gam-
mopathies in human aging: increased occurrence with age and
correlation with healthy status. Mech Ageing Dev 1990; 52:
235-243

16. Ogmundsdottir HM, Haraldsdottir V, Johanneson M et al.
Monoclonal gammopathy in Iceland: a population-based regis-
try and follow-up. Br ] Haematol 2002; 118: 166-173

I page 28

17. Pasqualetti P, Casale R. Risk of malignant transformation

in patients with monoclonal gammopathy of undetermined
significance. Biomed Pharmacother 1997; 51: 74-78

18. Landgren O, Gridley G, Turesson I et al. Risk of monoclonal
gammopathy of undetermined significance (MGUS) and sub-
sequent multiple myeloma among African American and white
veterans in the United States. Blood 2006; 107: 904-906

19. Rajkumar SV, Kyle RA, Therneau TM et al. Serum free light
chain ratio is an independent risk factor for progression in
monoclonal gammopathy of undetermined significance. Blood
2005; 106: 812-817

20. Ogmundsdottir HM, Haraldsdottirm V, Johanneson GM et
al. Familiality of benign and malignant paraproteinemias. A
population-based cancer registry study of multiple myeloma
families. Haematologica 2005; 90: 66-71

21. Landgren O, Linet MS, McMaster ML et al. Familial charac-
teristics of autoimmune and hematologic disorders in 8,406
multiple myeloma patients: a population-based case-control
study. Int ] Cancer 2006; 118: 3095-3098

22. Maldonado JE, Kyle RA Familial myeloma: report of eight
families and a study of serum proteins in their relatives. Ameri-
can Journal of Medicine 1974; 57: 875-884

23. Bizzaro N, Pasini P. Familial occurrence of multiple myelo-
ma and monoclonal gammopathy of undetermined significance
in 5 siblings. Haematologica 1990; 75: 58-63

24. Grosbois B, Jego P, Attal M et al. Familial multiple myeloma:
report of fifteen families. Br ] Haematol 1999; 105: 758-770
25. Lynch H, Ferrara K, Barlogie B et al. Familial Myeloma. New
Eng] Med 2008; 359: 152-157.

26. Zepeda V, Dominguez V]. Familial multiple myeloma: first
case reported in a Mexican family. Ann Hematol 2007; 86:
527-528

27.0zet A, Guran S, Beksac M. Familial multiple myeloma as-
sociated with disorders of chronic inflammation: first report
from Turkey. Clin Lymphoma Myeloma 2008; 8: 246-248

28. Deshpande HA, Hu XP, Marino P et al. Anticipation in famil-
ial plasma cell dyscrasias. Br ] Haematol 1998; 103: 696-703
29. Pottern LM, Gart JJ, Nam JM et al. HLA and multiple
myeloma among black and white men: evidence of a genetic as-
sociation. Cancer Epidemiol Biomarkers Prev 1992; 1: 177-182
30. Leech S, Bryan C, Elston R et al. Genetic studies in multiple
myeloma. Association with HLA-Cw5. Cancer 1983; 51: 1408-
1411

31. Cassuto JP, Piereschi ], Maiolini R et al. Marquers HLA dans
les myelomes et les dysglobulinemies monoclonales beinignes.
La Nouvelle Presse Medicale 1981; 10: 252-253

32. Grass S, Preuss KD, Wikowicz A et al. Hyperphosphorylated
paratarg-7 is a frequent antigenic target of [gM paraproteins,
is dominantly inherited, and represents a highly significant
risk factor for monoclonal gammopathy of undetermined
significance of the IgM type (IgM-MGUS) and Waldenstrom’s
macroglobulinemia, allowing for the identification of family
members at risk in cases of familial IgM-MGUS and WM. Blood
2009; 114: 1513s



33. Grass S, lida S, Wikowicz A et al. Risk of Japanese carriers
of hyperphosphorylated paratarg-7, the first autosomal-dom-
inantly inherited risk factor for hematological neoplasms, to
develop monoclonal gammopathy of undtermined significance
and multiple myeloma. Cancer Science 2011; 102: 565-568

34. Avet-Loiseau H, Magrangeas F, Moreau P et al. Molecular
heterogeneity of multiple myeloma: pathogenesis, prognosis,
and therapeutic implications. J Clin Oncol 2011; 29: 1893-1897
35. Chng W], Kumar S, Vanwier S et al. Molecular dissection of
hyperdiploid multiple myeloma by gene expression profiling.
Cancer Res 2007; 67: 2982-2989

36. Nishida K, Tamura A, Nakazawa N et al. The Ig heavy chain
is frequently involved in chromosomal translocations in mul-
tiple myeloma and plasma cell leukemia as detected by in situ
hybridization. Blood 1997; 90: 526-534

37. Chesi M, Bergsagel PL, Brents LA et al. Dysregulation of
cyclin D1 by translocation into an IgH gamma switch region in
two multiple myeloma cell lines. Blood 1996; 8: 674-681

38. Chesi M, Nardini E, Brents LA et al. Frequent translocation
t(4;14)(p16.3;q32.3) in multiple myeloma is associated with
increased expression and activating mutations of fibroblast
growth factor receptor 3. Nat Genet 1997; 16: 260-264

39. Chesi M, Bergsagel PL, Shonukan OO et al. Frequent dysreg-
ulation of the c-maf proto-oncogene at 1623 by translocation
to an Ig locus in multiple myeloma. Blood 1998; 91: 4457-4463
40. Hanamura [, lida S, Akano Y et al. Ectopic expression of
MAFB gene in human myeloma cells carrying the t(14;20)
(932;q11) chromosomal translocations. Jpn ] Cancer Res 2001;
92: 638-644

41. Kuehl WM, Bergsagel PL. Multiple myeloma: evolving
genetic events and host interactions. Nature Rev Cancer 2002;
2:175-187

42. Agnelli L, Bicciato S, Fabris S et al. Integrative genomic
analysis reveals distinct transcriptional and genetic features
associated with chromosome 13 deletion in multiple myeloma.
Haematologica 2007; 92: 56-65

43. Hanamura I, Stewart JP, Huang Y et al. Frequent gain of
chromosome 1g21 in plasma cell dyscrasias detected by fluo-
rescence in situ hybridization: incidence increases from MGUS
to relapsed myeloma and is related to prognosis and disease
progression following tandem stem-cell transplantation. Blood
2006; 108: 1724-1732

44. Drach ], Ackermann J, Fritz E et al. Presence of a p53 gene
deletion in patients with multiple myeloma predicts for short
survival after conventional dose chemotherapy. Blood 1998;
92:802-809

45. Nimura T, Miura I, Kobayashi Y et al. Cytogenetic studies of
48 patients with multiple myeloma and related disorders. ] Clin
Exp Hematopathol 2003; 43: 53-60

46.Bang SM, Kim YR, Cho HI et al. Identification of 13q dele-
tion, trisomy 1q, and IgH rearrangements as the most frequent
chromosomal changes found in Korean patients with multiple
myeloma. Cancer Genet Cytogenet 2006; 168: 124-132

47. Quintero M, Rojas-Atencio A, Ruiz A et al. Chromosome
anomalies in Venezuelan patients with multiple myeloma.
Invest Clin 2003; 44: 327-335

Saraf S, et al. MM in different areas of the world | Review Article -

48. Ortega MM, Faria RM, Shitara ES et al. N-RAS and K-RAS
gene mutations in Brazilian patients with multiple myeloma.
Leuk Lymphoma 2006; 47: 285-289

49. Zhan F Huang Y, Colla S et al. The molecular classification of
multiple myeloma. Blood 2006; 108: 2020-2028

50. Broyl A, Hose D, Lokhorst H et al. Gene expression profil-
ing for molecular classification of multiple myeloma in newly
diagnosed patients. Blood 2010; 116: 2543-2553

51. Kumar SK, Mikhael JR, Buadi FK et al. Management of newly
diagnosed symptomatic multiple myeloma: updated Mayo
stratification of myeloma and risk-adapted therapy (mSMART)
consensus guidelines. Mayo Clinic Proc 2009; 84: 1095-1110
52. Shaughnessy JD, Zhan F, Burrington BE et al. A validated
gene expression model of high-risk multiple myeloma is de-
fined by deregulated expression of genes mapping to chromo-
some 1. Blood 2007; 109: 2276-2284

53. Decaux O, Lode L, Magrangeas F et al. Prediction of survival
in multiple myeloma based on gene-expression profiles
revealed cell cycle and chromosomal instability signatures

in high-risk patients and hyperdiploid signatures in low-risk
patients: A study of the Intergroupe Francophone du Myelome.
] Clin Oncol 2008; 26: 4798-4805

54. Haessler ], Shaughnessy JD, Zhan F et al. benefit of a
complete response in multiple myeloma limited to high-risk
subgroup identified by gene expression profiling. Clin Cancer
Res 2007; 13: 7073-7079

55. Kyle RA, Rajkumar SV. Criteria for diagnosis, staging, risk
stratification and response assessment of multiple myeloma.
Leukemia. 2009; 23: 3-9

56. Landgren O, Kyle RA, Pfeiffer RM et al. Monoclonal gam-
mopathy of undetermined significance (MGUS) preceding
multiple myeloma: a prospective study. Blood 2009; 113:
5412-5417

57. Weiss BM, Abadie ], Verma P et al. A monoclonal gammopa-
thy precedes multiple myeloma in most patients. Blood 2009;
113: 5418-5422

58. Rosinol L, Blade ], Esteve | et al. Smoldering multiple my-
eloma: natural history and recognition of an evolving type. Br ]
Haematol 2003; 123: 631-636

59. Durie BGM, Salmon SE. A clinical staging system for multi-
ple myeloma. Cancer. 1975; 36: 842-854

60. Greipp PR, San Miguel ], Durie BG et al. International
staging system for multiple myeloma. J Clin Oncol. 2005; 23:
3412-3420

61.Jacobson ], Hussein M, Barlogie B et al. A new staging
system for multiple myeloma patients based on the Southwest
Oncology Group (SWOG) experience. Br ] Haematol 2003; 122:
441-450

62. Hungria V, Maiolino A, Martinez G et al. Confirmation of the
utility of the International Staging System and identification of
a unique pattern of disease in Brazilian patients with multiple
myeloma. Haematologica 2008; 93: 791-792

63. Corte’ LG, Figueroa MG, Lois VV et al. Prognostic value of
the new international staging system in multiple myeloma:
comparison with Durie-Salmon staging system. Rev Med Chil
2008; 136: 7-12

page 29 I



- Journal of Advances in Internal Medicine | Review Article

64. Deng SH, Xu Y, May Y] et al. Analysis of the international
staging system of multiple myeloma and its comparison with
the DS and IFM staging system in 122 Chinese patients. Zhong-
hua Xue Ye Xue Za Zhi 2008; 29: 217-221

65. Tao Z, Fu W, Yuan Z et al. Prognostic factors and staging
systems of multiple myeloma: a singe centre study in China.
Chinese Medical Journal 2007; 120: 1655-1658

66. Yang SH, Teng HG, Hong YC et al. International Staging
System predicts prognosis of Chinese patients with multiple
myeloma across different calendar periods with application of
novel agents. Ann Hematol 2011; Epub ahead of print: http://
www.springerlink.com/content/r15k78901u081501/

67. Choi YH, Yoon JH, Yang SK. Clinical value of new staging
systems for multiple myeloma. Cancer Res Treat 2007; 39:
171-174

68. Mateos MV, Hernandez T, de la Rubia | et al. Multicenter,
randomized, open-label, phase III trial of lenalidomide-dexa-
methasone vs therapeutic abstention in smoldering multiple
myeloma at high risk of progression to symptomatic MM:
results of the first interim analysis [abstract]. Blood 2009; 114:
Abstract 614

69. Brenner H, Gondos A, Pulte D. Recent major improvement
in long-term survival of younger patients with multiple my-
eloma. Blood 2008; 111: 2521-2526

70. Kumar SK, Rajkumar SV, Dispenzierei A et al. Improved sur-
vival in multiple myeloma and the impact of novel therapies.
Blood 2008; 111: 2516-2520

71. Wang L, Ran X, Wang B et al. Novel agents-based regimens
as induction treatment prior to autologous stem-cell transplan-
tation in newly diagnosed multiple myeloma: a meta-analysis
of randomized controlled trials. Hematol Oncol. 2011; Epub
ahead of print: http://onlinelibrary.wiley.com/doi/10.1002/
hon.1007 /abstract;jsessionid=3B21FA98ACAOAEF5CCB9509D
F43099B0.d01t03

72. Attal M, Harousseau JL, Stoppa AM et al. A prospective,
randomized trial of autologous bone marrow transplantation
and chemotherapy in multiple myeloma. N Engl ] Med 1996;
335:91-97

73. Child JA, Morgan GJ, Davies FE et al. High-dose chemother-
apy with hematopoietic stem-cell rescue for multiple myeloma.
N Engl ] Med 2003; 348: 1875-1883

74. Cavo M, Rajkumar V, Palumbo A et al. International My-
eloma Working Group consensus approach to the treatment of
multiple myeloma patients who are candidates for autologous
stem cell transplantation. Blood 2011; 117: 6063-6073

75. Fernand JP, Ravaud P, Chevret S et al. High-dose therapy
and autologous peripheral blood stem cell transplantation in
multiple myeloma: up-front or rescue treatment? Results of a
multicenter sequential randomized clinical trial. Blood 1998;
92:3131-3136

76. Mellgvist U-H, Westin ], Gimsing P et al. Improved response
rate with bortezomib consolidation after high dose melphalan:
first results of a Nordic Myeloma Study Group randomized
phase III trial. Blood 2009; 114: Abstract 530

I page 30

77. Attal M, Harousseau JL, Marit G et al. Lenalidomide after
autologous transplantation for myeloma: First analysis of a
prospective, randomized study of the Intergroupe Fracnophone
Du Myelome (IFM 2005 02). Blood 2009; 114: Abstract 529
78. Cavo M, Perrone G, Buttignol S et al. Bortezomib-thalido-
mide-dexamethasone as induction and consolidation therapy
before and after double autologous transplantation in newly
diagnosed multiple myeloma: results from a randomized phase
I1I study. Blood 2010; 116: Abstract 42

79. Terragna C, Zamagni E, Petrucci MT et al. Molecular remis-
sion after bortezomib-thalidomide-dexamethasone compared
with thalidomide-dexamethasone as consolidation therapy
after double autologous transplantation for multiple myeloma:
results of a qualitative and quantitative analysis. Blood 2010;
116: Abstract 861

80. Mihelic R, Kaufman JL, Lonial S. Maintenance therapy in
multiple myeloma. Leukemia 2007; 21: 1150-1157

81. Attal M, Harousseau JL, Leyvraz S et al. Maintenancetherapy
with thalidomide improves survival in patients with multiple
myeloma. Blood 2006; 108: 3289-3294

82. Spencer A, Prince HM, Roberts AW et al. Consolidation
therapy with low-dose thalidomide and prednisolone prolongs
the survival of multiple myeloma patients undergoing a single
autologous stem-cell transplantation procedure. ] Clin Oncol
2009; 27: 1788-1793

83. McCarthy PL. Owzar K, Anderson KC et al. Phase III In-
tergroup study of lenalidomide versus placebo maintenance
therapy following single autologous hematopoietic stem cell
transplantation for multiple myeloma: CALGB100104. Blood
2010; 116: Abstract 37

84. Attal M, Lauwers WC, Marit G et al. Maintenance treatment
with lenalidomide after transplantation for myeloma: final
analysis of the IFM 2005-02. Blood 2010; 116: Abstract 310
85. Singhal S, Mehta ], Desikan R et al. Antitumor activity of
thalidomide in refractory multiple myeloma. N Engl ] Med
1999; 341: 1565-1571

86. von Lilienfeld-Toal M, Hahn-Ast C, Furkert K et al. A system-
atic review of phase II trials of thalidomide/dexamethasone
combination therapy in patients with relapsed or refractory
myeloma. Eur ] Hematol 2008; 81: 247-252

87. Rajkumar SV, Blood E, Vesole D et al. Phase III clinical trial
of thalidomide plus dexamethasone compared with dexameth-
asone alone in newly diagnosed multiple myeloma: a clinical
trial coordinated by the Eastern Cooperative Oncology Group. |
Clin Oncol 2006; 24: 431-436

88. Macro M, Devine M, Yuzunhan Y et al. Dexamethasone
thalidomide (dex/thal) compared to VAD as a pre-transplant
treatment in newly diagnosed multiple myeloma (MM): a rand-
omized trial. Blood 2006; 108: Abstract 57

89. Richardson PG, Schlossman RL, Weller E et al. Immu-
nomodulatory drug CC-5013 overcomes drug resistance and

is well tolerated in patients with relapsed multiple myeloma.
Blood 2002; 100: 3063-3067

90. Rajkumar SV, Hayman SR, Lacy MQ et al. Combination
therapy with lenalidomide plus dexamethasone (Rev/Dex) for
newly diagnosed myeloma. Blood 2005; 106: 4050-4053



Saraf S, et al. MM in different areas of the world | Review Article -

91. Rajkumar S, Jacobus N, Callander R et al. Randomized trial
of lenalidomide plus high-dose dexamethasone versus lena-
lidomide plus low-dose dexamethasone in newly diagnosed
myeloma (E4A03), a trial coordinated by the Eastern Coop-
erative Oncology Group: analysis of response, survival, and
outcome. ] Clin Oncol 2008; 26: Abstract 8504

92. Richardson PG, Barlogie B, Berenson ] et al. A phase 2 study
of bortezomib in relapsed, refractory myeloma. N Engl ] Med
2003; 348: 2609-2617

93. Harousseau JL, Attal M, Avet-Loiseau H et al. Bortezomib
plus dexamethasone is superior to vincristine plus doxorubicin
plus dexamethasone as induction treatment prior to autolo-
gous stem-cell transplantation in newly diagnosed multiple
myeloma: results of the IFM 2005-01 phase III trial. ] Clin
Oncol 2010; 28: 4621-4629

94. Cavo M, Tacchetti P, Patriarca F et al. Bortezomib, thalido-
mide, and dexamethasone compared with thalidomide and
dexamethasone as induction before and consolidation therapy
after double autologous stem cell transplantation in newly
diagnosed multiple myeloma: results from a randomized phase
III study. Lancet 2010; 379: 2075-2085

95. Rosinol L, Cibeira MT, Mateos MV et al. A phase III PETHE-
MA/GEM study of induction therapy prior to autologous stem
cell transplantation in multiple myeloma: superiority of VTD
(bortezomib/thalidomide /dexamethasone) over TD and VB-
MCP/VBAD plus bortezomib. Blood 2010; 116: Abstract 307
96. Harousseau J-L, Avet Loiseau H, Facon T et al. Bortezomib
plus dexamethasone (VD) versus reduced-dose bortezomib
plus thalidomide plus dexamethasone (vTD) as induction treat-
ment prior to autologous stem cell transplantation (ASCT) in
newly diagnosed multiple myeloma (MM); Blood 2009; 114:
Abstract 354

97. Richardson PG, Weller E, Lonial S et al. Lenalidomide, bort-
ezomib, and dexamethasone combination therapy in patients
with newly diagnosed multiple myeloma. Blood. 2010; 116:
679-686

98. Palumbo A, Bringhen S, Caravita T et al. Oral melphalan
and prednisone chemotherapy plus thalidomide compared
with melphalan and prednisone alone in elderly patients with
multiple myeloma: randomised controlled trial. Lancet 2006;
367:825-831

99. Facon T, Mary JY, Hulin C et al. Melphalan and prednisone
plus thalidomide versus melphalan and prednisone alone or
reduced-intensity autologous stem cell transplantation in
elderly patients with multiple myeloma (IFM 99-06): a ran-
domised trial. Lancet 2007; 370: 1209-1218

100. San Miguel JF, Schlag R, Khuageva NK et al. Bortezomib
plus melphalan and prednisone for initial treatment of multiple
myeloma. N Engl ] Med 2008; 359: 906-917

101. Palumbo A, Falco P, Corradini P et al. Melphalan, pred-
nisone, and lenalidomide treatment for newly diagnosed my-
eloma: a report from the GIMEMA—Italian Multiple Myeloma
Network. ] Clin Oncol 2007; 25: 4459-4465

102. Saraf S, Chen Y-H, Dobogai LC et al. Prolonged responses
after autologous stem cell transplantation in African-American
patients with multiple myeloma. Bone Marrow Transplant.
2006; 37: 1099-1102

103. Verma PS, Howard RS, Weiss BM. The impact of race on
outcomes of autologous transplantation in patients with multi-
ple myeloma. Am ] Hematol. 2008; 83: 355-358

104. Khaled Y, Abidi MH, Janakiraman N et al. Outcomes after
auto-SCT in African Americans with multiple myeloma. Bone
Marrow Transplant. 2009; 43: 845-851

105. Hari PN Majhail N, Zhang M et al. Race and outcomes of
autologous hematopoietic cell transplantation for multiple
myeloma. Biol Blood Marrow Transplant 2010; 16: 395-402
106. Rohatgi N, Xianglin D, Coker A et al. Chemotherapy and
survival for patients with multiple myeloma. Findings from

a large nationwide and population-based cohort. American
Journal of Clinical Oncology 2007; 30: 540-548

107. Waxman A, Mink P, Devesa S et al. Racial disparities in in-
cidence and outcome in multiple myeloma: a population-based
study. Blood 2010; 116: 5601-5606

108. Murakami H, Fujii H, Inaba T et al. High-dose chemo-
therapy and autologous peripheral blood stem cell transplanta-
tion in high-risk multiple myeloma. Eur ] Hematol 2004; 73:
169-173

109. Li YH, Hou ], Wang DX et al. The impact of autologous stem
cell transplantation on the prognosis in multiple myeloma.
Zhonghua Xue Ye Xue Ze Zhi 2008; 29: 222-226

110. Kumar L, Malik PS, Prakash G et al. Autologous hematopoi-
etic stem cell transplantation-what determines the outcome:
an experience from North India. Ann Hematol 2011; 90: 1317-
1328

111. Vela-Ojeda ], Garcia-Ruiz-Esperza MA, Padilla-Gonzalez Y
et al. Autologous peripheral blood stem cell transplantation in
multiple myeloma using oral versus i.v. melphalan. Ann Hema-
tol 2007; 86: 277-282

112. Murakami H, Handa H, Abe M et al. Low-dose thalidomide
plus low-dose dexamethasone therapy in patients with refrac-
tory multiple myeloma. Eur ] Haematol 2007; 79: 234-239
113.1Iida S, Chou T, Okamoto S et al. Lenalidomide plus
dexamethasone in Japanese patients with relapsed/refractory
multiple myeloma. Int ] Hematol 2010; 92: 118-126

114. Kobayashi T, Kuroda ], Shimura K et al. Bortezomib plus
dexamethasone for relapsed or treatment refractory multiple
myeloma: a collaborative study of six institutes in Kyoto and
Osaka. Int ] Hematol 2010; 92: 579-586

115. Kamikawa R, Ikawa K, Morikawa N et al. The pharma-
cokinetics of low-dose thalidomide in Japanese patients with
refractory multiple myeloma. Biol Pharm Bull 2006; 29: 2331-
2334

116. Miyakoshi S, Kami M, Yuji K et al. Severe pulmonary com-
plications in Japanese patients after bortezomib treatment for
refractory myeloma. Blood 2006; 107: 3492-3494

117. Gotoh A, Ohyashiki K, Oshimi K et al. Lung injury associ-
ated with bortezomib therapy in relapsed/refractory multiple
myeloma in Japan: a questionnaire-based report from the “lung
injury by bortezomib” joint committee of the Japanese society

page 31 II—



- Journal of Advances in Internal Medicine | Review Article

of hematology and the Japanese society of clinical hematology.
Int ] Hematol 2006; 84: 406-412

118. Sugimoto K. Thalidomide may induce interstitial pneumo-
nia preferentially in Japanese patients. Eur ] Haematol 2008;
82:73-74

119. Bang SM, Lee JH, Yoon S et al. A multicenter retrospective
analysis of adverse events in Korean patients using bortezomib
for multiple myeloma. Int ] Hematol 2006; 83: 309-313

120. Kim HJ, Yoon SS, Lee DS et al. Sequential vincristine,
adriamycin, dexamethasone (VAD) followed by bortezomib,
thalidomide, dexamethasone (VTD) as induction followed by
high-dose therapy with autologous stem cell transplant and
consolidation therapy with bortezomib for newly diagnosed
multiple myeloma: results of a phase II trial. Ann Hematol
2011, Epub ahead of print: http://www.springerlink.com/
content/54206p754574t658/

121. Eom HS, Kim YK, Chung JS et al. Bortezomib, thalidomide,
dexamethasone as induction therapy followed by melphalan,
prednisolone, thalidomide consolidation therapy as a first line
treatment for patients with multiple myeloma who are non-
transplant candidates: results of the Korean Multiple Myeloma
Working Party (KMMWP). Ann Hematol 2010; 89: 489-497
122. Kim YK, Sohn SK, Lee JH et al. Clinical efficacy of bort-
ezomib, cyclophosphamide, thalidomide and dexamethasone
(Vel-CTD) regimen in patients with relapsed or refractory
multiple myeloma: a phase II study. Ann Hematol 2010; 89:
475-482

I page 32

123.LiY, HouJ, Wang D et al. Prognostic factors for the efficacy
of thalidomide in the treatment of multiple myeloma: a clinical
study of 110 patients in China. Leuk Lymphoma 2006; 47:
2593-2600

124. Zheng W, Wei G, Ye X et al. Bortezomib in combination
with dexamethasone and subsequent thalidomide for newly-
diagnosed multiple myeloma: a Chinese experience. Leuk Res
2009; 33: 1615-1618

125. Yang GZ, Chen WM. Bortezomib-based regimen for the
treatment of 110 multiple myeloma patients. Zhonghua Yi Xue
ZaZhi 2010; 90: 2671-2674

126. Jimenez-Zepeda JH, Dominguez-Martinez VJ. Vincris-
tine, doxorubicin, and dexamethasone or thalidomide plus
dexamethasone for newly diagnosed patients with multiple
myeloma? Eur J. Haematol. 2006; 77: 239-244

127. Arora R, Mukhopadhyay A, Patel K et al. Analysis of safety
profile of thalidomide in multiple myeloma: A multicenter
Indian experience. ] of Clin Oncol 2005; 23: 16S Abstract

128. Beksac M, Haznedar R, Firatli-Tuglular T et al. Addition

of thalidomide to oral melphalan/prednisone in patients with
multiple myeloma not eligible for transplantation: results of a
randomized trial from the Turkish Myeloma Study Group. Eur ]
Haematol 2011; 86:16-22



